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1.0 SUMMARY 


The J . R .  Whiting P l a n t ,  owned and ope ra t ed  by Consumers Power 

Company, i s  l o c a t e d  i n  E r i e ,  Michigan on the  wes te rn  sho re  of Lake E r i e .  

The p l a n t  uses l ake  water from North Maumee Bay as a condenser c o o l a n t  

and d i scha rges  water back i n t o  Lake E r i e .  A n i n e  month s tudy  ( A p r i l  

through December 1979) w a s  conducted t o  determine t h e  number and types  

of organisms impinged on t h e  p l a n t ’ s  t r a v e l l i n g  s c r e e n s  and t o  determine 

the  e x t e n t  o f  l a r v a l  f i s h  and f i s h  egg en t ra inment  i n  t h e  coo l ing  water. 

During t h i s  s tudy ,  408,581 f i s h  (9.623/1000 m3) r e p r e s e n t i n g  43 

s p e c i e s  and two hybr ids  (15 f a m i l i e s )  w e r e  impinged on the  p l a n t ’ s  t r a v e l 

l i n g  s c r e e n s .  The f i v e  most abundant s p e c i e s  impinged w e r e  g i zza rd  shad 

(70.60% of the  t o t a l ) ,  emerald s h i n e r  (20.20%),  s p o t t a i l  s h i n e r  (2 .70%),  

yel low perch (2.67%) and g o l d f i s h  (1.42%), which accounted f o r  97.59% of a l l  

impi n  gemen t. 

From A p r i l  through December 1979 i t  w a s  e s t ima ted  t h a t  17,378,518 

f i s h  (110,358 kg) w e r e  impinged. Est imated impingement w a s  h i g h e s t  i n  

November (14,857,042; 89,595 kg) and accounted f o r  85.5 pe rcen t  of  t he  t o t a l  

numerical  estimate. During November, g i z z a r d  shad accounted f o r  over  99 pe r 

c e n t  of t h e  estimate (both  numbers and biomass) .  

During the  seven month en t ra inment  ( ich thyoplankton)  s t u d y ,  18 taxa  

r e p r e s e n t i n g  n ine  f a m i l i e s  w e r e  c o l l e c t e d  i n  d r i f t  n e t s  set  i n  t h e  d i scha rge .  

Numerically,  t h e  f i v e  most abundant taxa  c o l l e c t e d  du r ing  t h i s  s tudy  were 

g izzard  shad (91.0% of t h e  t o t a l )  , f reshwater  drum (5.4%) , carp  o r  g o l d f i s h  

(1.5%), whi te  b a s s  (0.7%) , and emerald s h i n e r  (0 .6%).  

I t  w a s  es t imated  t h a t  629 ,369,381 larvae and 553,620,137 eggs w e r e  

e n t r a i n e d  by t h e  P l a n t  d u r i n g  1979. Est imated l a rva l  and egg en t ra inment  

w a s  h i g h e s t  i n  June’ (473,807,630) and July (452,774,160) ,  r e s p e c t i v e l y .  

Gizzard shad, f r e shwa te r  drum, ca rp  o r  g o l d f i s h ,  and emerald s h i n e r  accounted 

f o r  approximately 98 pe rcen t  of  t h e  t o t a l  en t r a inmen t  es t imate .  

1 




Two tests of  d e t e r r e n t  n e t s  ac ross  t h e  i n t a k e  w e r e  conducted du r ing  

September and October.  The f i r s t  t e s t ,  conducted from September 10 through 

October 1 2 ,  appeared t o  be  e f f e c t i v e  i n  reducing  impingement; t h e  second 

t e s t ,  conducted from October 1 9  through 29 ,  w a s  i n e f f e c t i v e .  The apparent  

i n e f f e c t i v e n e s s  r e s u l t e d  from d i f f i c u l t i e s  i n  keeping  t h e  n e t ' s  f l o a t  l i n e  

a t  t h e  s u r f a c e  and t h e  bot tom s e a l e d  when d e b r i s  and mud accumulated on the  

n e t .  The added we igh t  and r e s i s t a n c e  r e s u l t i n g  from t h e  accumulat ion of 

d e b r i s  and mud submerged t h e  n e t ' s  f l o a t  l i n e ,  r a i s e d  t h e  anchor l i n e ,  and 

u l t i m a t e l y  reduced t h e  e f f e c t i v e n e s s  of t h e  b a r r i e r .  

2 
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2 .O INTRODUCTION 

A s  a r e s u l t  of t h e  i n t a k e  of coo l ing  water  by power p l a n t s ,  f i s h  

and o t h e r  a q u a t i c  organisms are en t r a ined  and e i t h e r  pass  through t h e  coo l ing  

condensers  o r  are impinged on t h e  power p l a n t ' s  t r a v e l l i n g  sc reens .  F ish  

impingement and entrainment  s t u d i e s  were f i r s t  conducted a t  the  J . R .  Whiting 

P l a n t  du r ing%1974 through 1975 (Consumers Power Company 1976).  The r e s u l t s  

of t h a t  s tudy  w e r e  n o t  accepted by the  Michigan Department of N a t u r a l  Resources 

(MDNR) as demonstration of  an in t ake  of b e s t  a v a i l a b l e  technology t o  minimize 

adve r se  impact t o  t h e  a q u a t i c  environment. To reduce impingement and t o  

r e s o l v e  d i sc repanc ie s  from r e s u l t s  of several  ich thyoplankton  s t u d i e s  i n  t h a t  

area,  Consumers Power Company i n s t a l l e d  and t e s t e d  a new des ign  of a n  e lec t r i 

ca l  f i s h  d e t e r r e n t ,  and conducted f i s h  l a r v a e  assessments  i n  Maumee Bay and 

o f  e n t r a i n e d  larvae. The e l e c t r i c a l  d e t e r r e n t  w a s  n o t  s u c c e s s f u l  i n  reducing 

f i s h  impingement, b u t  t he  f i s h  la rvae  s t u d i e s  demonstrated t h a t  l a rva l  con

c e n t r a t i o n s  w e r e  much h i g h e r  i n  Maumee Ray, b u t  on ly  a s m a l l  percentage w e r e  

e n t r a i n e d  by the  J .R .  Whiting P lan t .  A Product ion  Foregone a n a l y s i s  i n d i c a t e d  

t h a t  en t ra inment  of larvae and impingement of a d u l t s  and j u v e n i l e s  would n o t  

r e s u l t  i n  an  adverse  i m p a c t  t o  the  a q u a t i c  ecosystem of w e s t e r n  Lake E r i e .  

The o b j e c t i v e s  of t h i s  s tudy  w e r e  t o  (1) monitor t h e  impingement 

o f  f i s h  on the  J . R .  Whiting P l a n t ' s  t r a v e l l i n g  s c r e e n s  and t o  estimate t h e  

number p e r  s p e c i e s  impinged dur ing  t h e  pe r iod  of s t u d y ,  (2) monitor t h e  

en t r a inmen t  of f i s h  eggs and f i s h  larvae through t h e  J .R.  Whiting P l a n t ' s  

c o o l i n g  system and estimate t h e  number p e r  taxon e n t r a i n e d  du r ing  the  s tudy  

p e r i o d ,  and (3) determine t h e  e f f e c t i v e n e s s  of a d e t e r r e n t  n e t  i n  reducing  

the number o f  j u v e n i l e  and a d u l t  f i s h  impinged. 

This r e p o r t  summarizes the  r e s u l t s  of t h e  impingement moni'toring 

t h a t  w a s  i n i t i a t e d  i n  A p r i l  and conducted through December 1979, t h e  r e s u l t s  

of en t ra inment  monitor ing t h a t  w a s  i n i t i a t e d  i n  A p r i l  and conducted through 

October 1979, and t h e  r e s u l t s  of t h e  d e t e r r e n t  n e t  s tudy  t h a t  w a s  conducted 

d u r i n g  September and October 1979. The remainder of  t h i s  r e p o r t  i s  organized 

i n t o  t h e  fo l lowing  subsec t ions :  a d e s c r i p t i o n  of t h e  p l a n t  and s tudy  area; 

t h e  methods; the  r e s u l t s  of t h e  $mpingement, en t ra inment ,  and d e t e r r e n t  n e t  

s t u d i e s  , i n c l u d i n g  a comparison of t h e  1979 results of ZmpZngement and 
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3.0 STUDY AREA 

3.1 P 1ant D e s  c r ip t ion  

The J . R .  Whiting P l a n t  i s  a coa l - f i r ed  e l e c t r i c  gene ra t ing  s t a t i o n  

owned and ope ra t ed  by Consumers Power Company. The p l a n t  is loca ted  i n  E r i e ,  

Michigan a t  t h e  n o r t h e r n  end of  Mauwe Bay (F igu re  3-1). 

The Whit ing P l a n t  h a s  t h r e e  coa l - f i r ed  u n i t s ;  Un i t s  1 and 2 each  

have a g r o s s  c a p a c i t y  of 105 megawatts ( M w ) ,  and Uni t  3 h a s  a g ross  capac i ty  

of 133  IW (Consumers Power Company 1 9 7 6 ) .  Un i t s  1 and 2 began product ion  

i n  1952 and Un i t  3 began product ion  i n  1953. 

The p l a n t  uses  w a t e r  as a once-through condenser coolan t .  Water 

is drawn through an i n t a k e  loca ted  a t  the  extreme n o r t h e r n  end of a channel  

l i n k i n g  North Maumee Bay w i t h  t h e  p l a n t .  Two sets of t r a s h  racks  remove 

l a r g e  d e b r i s ;  t h r e e  ver t ical  t r a v e l i n g  s c r e e n s  (.3/8-inch w i r e  mesh) p reven t  

f i s h  and s m a l l e r  d e b r i s  from e n t e r i n g .  

Each u n i t  h a s  two c i r u c l a t i n g  water pumps f o r  condenser coo l ing  

purposes.  C n i t  1 and 2 ' s  pumps are each r a t e d  a t  30,000 ga l lons  p e r  minute 

(gpm) a t  a 30-foot head. The pumps f o r  Unit  3 are r a t e d  a t  47,000 gpm a t  

a 25-foot head.  The combined r a t e  m a x i m u m  flow is  214,000 gpm. T i m  of 

condenser passage  h a s  been c a l c u l a t e d  t o  range from 23 .1  minutes ( a l l  pumps 

and u n i t s  ope ra t ing )  t o  128.5 minutes (1 u n i t  and 1 pump o p e r a t i n g ) .  

Heated w a t e r  i s  discharged d i r e c t l y  t o  Lake E r i e .  

5 



I 
E 
I 
I 
I 
I 

I 
I 
E 
I 
1 
I 

I 

1 

I 

I 

I 

I .  
I 

L A K E  

E R I E  

F I G U R E  3-1. 	 LOCATION OF T H E  J . R .  W H I T I N G  PLANT ALONG THE SHORE OF NORTH MAUMEE 
BAY, EFCLE, MICHIGAN.  
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4.0 METHODS \ 

4 . 1  Impingement 

4 .1 .1  F i e l d  C o l l e c t i o n  

The moni tor ing  of f i s h  impinged on t h e  t r a v e l l i n g  sc reens  a t  the  

J . R .  Whit ing P l a n t  w a s  conducted from A p r i l  through December 1979; sampling 

took p l a c e  on 76 d a t e s  du r ing  t h i s  t i m e  pe r iod  (Table  4 - 1 ) .  

P r i o r  t o  i n i t i a t i n g  an impingement sampling,  t h e  t r a v e l l i n g  sc reens  

w e r e  backwashed by  Consumers Power Company pe r sonne l '  t o  remove f i s h  and 

debr i s .  A f t e r  a 24-hour impingement pe r iod ,  t h e  t r a v e l l i n g  sc reens  w e r e  

aga in  backwashed and t h e  impinged f i s h  w e r e  c o l l e c t e d  i n  a th ree -e igh t s  

inch  rwsh metal b a s k e t  placed i n  the backwash t rough a d j a c e n t  t o  t h e  sc reens .  

During pe r iods  of heavy f i s h  impingement, sampling p e r i o d s  were shor tened .  

F ish  removed from t h e  sc reens  w e r e  e i t h e r  processed  a t  t h e  P l a n t  

o r  w e r e  p reserved  i n  a t e n  pe rcen t  fo rma l in  s o l u t i o n  and t r anspor t ed  i n  

p re - l abe l l ed  p l a s t i c  bags t o  WAPORA's Lansing,  Michigan o f f i c e  f o r  l abora to ry  

process ing .  Data recorded  dur ing  each sampling inc luded  t h e  weather  condi

t i o n s ,  i n t a k e  and d i scha rge  water temperature ,  d i s s o l v e d  oxygen, and du

r a t i o n  of t h e  impingement sampling pe r iod ;  p r e v a i l i n g  weather  cond i t ions  

and w a t e r  t empera tures  are repor ted  i n  Appendix Table  A-2. 

4.1.2 Fish  P r o c e s s i n g  

Adult f i s h  w e r e  i d e n t i f i e d  t o  s p e c i e s  u s i n g  keys  found i n  Eddy 

(1957) , Hubbs and L a g l e r  ( 1 9 6 4 ) ,  and S c o t t  and Crossman (1973). From each 

week's impingement, a subsample of 25 i n d i v i d u a l s  p e r  s p e c i e s  ( i f  t h a t  many 

w e r e  p re sen t )  w a s  s e l e c t e d  and each i n d i v i d u a l  w a s  measured ( t o t a l  l eng th  

i n  mu) and weighted (grams) ; t he  remaining i n d i v i d u a l s ,  i f  more than  25 

w e r e  c o l l e c t e d ,  w e r e  counted and weighed en  m a s s e .  A n  a t t e m p t  w a s  made t o  

select specimens t h a t  w e r e  r e p r e s e n t a t i v e  of  t h e  s i z e  range o f  t h e  i n d i v i 

dua l s  c o l l e c t e d .  
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TABLE 4-1. 	 THE SAMPLING DATES DURING 1979 ON WHICH IMPINGED FISH 
WERE COLLECTED FROM THE TRAVELLING SCREENS AT THE 
J.R. WHITING PLANT. 

Ap r May 

0 2  0 1  

03 02 

10 03 

11 09 

12 10 

13 16 

1 4  18 

16 23 

1 7  30 

18 

19 

20 

23 

24 

25 

26 

27 


Jun  J u l  Aug Sep O c t  Nov D e  c 

0 1  02 09 06 02 06 04 
06 13 15 10 05 08 06 
07 19 23 1 4  09 13 10 
12 25 30 18  11 15 11 
1 4  31 21  15 1 9  12 
20 25 18 2 1  18 
2 1  27 23 27 20 
27 25 30 27 

31 28  
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4.1.3 Data P rocess ing  

The r e s u l t s  of impingement sampling are repor t ed  as t h e  a c t u a l  

number of i n d i v i d u a l s  of each spec ie s  impinged d u r i n g  each c o l l e c t i o n  per iod  

(Appendix Table A-3); t he  mean length  and mean weight  f o r  each s p e c i e s  i s  

r e p o r t e d  as w e l l .  Dai ly  and monthly impingement estimates r e f e r  t o  t h e  

number of f i s h  e s t ima ted  t o  have been impinged and is based upon the  as

sumption t h a t  impingement rates dur ing  t h e  24-hour sampling pe r iods  w e r e  

r e p r e s e n t a t i v e  of a c t u a l  impingement rates (WAPORA 1979). 

E s t i m a t e s  f o r  impingement w e r e  c a l c u l a t e d  us ing  t h e  fo l lowing  

formulae : 

N - I TId ( d a i l y  impingement dens i ty )  = 

v .  	t 
n n 
CN C I T  

and: I (cumulat ive impingement d e n s i t y )  = i=li=l 
CUm n n 

and : Ies t (e s t ima ted  impingement) = C (.Id * IYest) 

where: i = l . . . n  

N = number impinged during a moni tor ing  pe r iod  

V = i n t a k e  volume f o r  monitor ing pe r iod  (m3) 

I T  = t i m e  a s s o c i a t e d  wi th  p l a n t  i n t a k e  volume (hours )  

t = t i m e  of impingement (hours) 

IVest = i n t a k e  volume f o r  time i n t e r v a l  of t h e  estimate (m3) 

IVest i s  developed f o r  a s p e c i f i c  moni tor ing  pe r iod  ( Id) and equals  

the  sum of t h e  d a i l y  i n t a k e  volumes f o r  a t i m e  i n t e r v a l  from a d a t e  halfway 

t o  t h e  preceeding  moni tor ing  per iod  (Id .) and t o  a d a t e  halfway t o  t h e  suc

ceeding moni tor ing  per iod .  T o t a l  d a i l y  condenser d i scha rge  volumes (MGD) 

w e r e  provided by Consumers Power Company f o r  t h e  A p r i l  through December 1979 

sampling pe r iod  (Appendix Table A-2). 

9 




WAPORA 
A.1; 

4.2 Entrainment  

4 .2 .1  F i e l d  Sampling 

The en t ra inment  of  f i s h  eggs and f i s h  larvae through t h e  cool ing  

w a t e r  system of  t h e  J.R. Whiting P l a n t  w a s  monitored on 25 d a t e s  from A p r i l  

through October 1979; d a t e s  upon which sampl ing  occurred  are presented  i n  

Table  4-2. 

On each  d a t e ,  four  d r i f t  n e t  samples  o f  a t  least  t e n  minutes du

r a t i o n  each w e r e  c o l l e c t e d  from t h e  d i s c h a r g e  c a n a l  du r ing  t h e  day and n i g h t .  

Day-time sampling w a s  u sua l ly  performed d u r i n g  t h e  a f t e rnoon ,  whereas n ight 

t i m e  sampling commenced 1.5 hours  a f t e r  s u n s e t .  

Ichthyoplankton w a s  sampled u s i n g  0.5 meter mouth, s imple  con ica l ,  

351p mesh p lankton  n e t s  f i t t e d  w i t h  a screw-on PVC c o l l e c t i o n  bucket .  Two 

n e t s ,  f a s t e n e d  w i t h i n  a metal b r i d l e ,  w e r e  lowered by rope i n t o  the  d ischarge  

cana l ;  a t e n  pound (4 .5  kilogram) d e p r e s s o r  a t t a c h e d  t o  t h e  b r i d l e  kep t  t he  

n e t s  submerged and t h e  n e t ' s  mouth p e r p e n d i c u l a r  t o  t h e  flow. Water pass ing  

through the  p lankton  n e t  w a s  m t e r e d  w i t h  a c a l i b r a t e d  Rigosha flowmeter 

( N o .  773) cen te red  w i t h i n  the n e t ' s  mouth. The volume of water f i l t e r e d  

d u r i n g  a t e n  minute sampling pe r iod  w a s  c a l c u l a t e d  by t h e  fo l lowing  formulae: 

V =  m 2 n k  

where 

V =  volume i n  m3 

I T =  3.1416 

r =  The r a d i u s  of  t h e  n e t  mouth 

n =  Number of meter u n i t s  r e g i s t e r e d  (determined by d i f f e r e n c e )  

k =  A flowmeter cons t an t  

A f t e r  an appropr i a t e  sampling p e r i o d ,  t h e  n e t s  w e r e  r e t r i e v e d  and 

t h e  r e s i d u e  r e t a i n e d  w i t h i n  w a s  r i n s e d  i n t o  t h e  PVC bucket ;  t he  r e s u l t a n t  

concen t r a t e  w a s  f r a n s f e r r e d  from t h e  bucke t  i n t o  a p re - l abe l l ed  p l a s t i c  

q u a r t  j a r  con ta in ing  s u f f i c i e n t  fo rma l in  t o  r e s u l t  i n  a t e n  p e r c e n t  formal in  

s o l u t i o n .  Rose Bengal s t a i n  w a s  added t o  each  sample t o  e x p e d i t e  ichthyo

p lankton  s o r t i n g .  

10 



TABLE 4-2. 	 THE DATES DURING 1 9 7 9  ON WHICH ENTRAINMENT SAMPLES WERE 
COLLECTED FROM THE J .R. WHITING PLANT. 

Apr May JUn Jul Aug Sep Oct 

1 2* 02" 05* 15* 13* 11* 
23* 09* Ob* 22 * 27* 25* 

1 6* 12* 
30 * 14* 

19* 
20 * 
26* 
27" 

*Day and n ight  combined 

- 11 



4.2.2 Laboratory Analysis  

Each ichthyoplankton sample w a s  analyzed as fo l lows .  A prese rved  

sample w a s  emptied onto an 0.125 millimeter mesh sieve, r i n s e s  w i t h  t a p  

w a t e r ,  and then  washed i n t o  a w h i t e  enamel s o r t i n g  t r a y .  F i sh  eggs and f i s h  

l a r v a e  w e r e  removed from t h e  accompanying d e b r i s  , p laced  i n t o  p re - l abe l l ed  

20 millileter s c i n t i l l a t i o n  vials , and preserved  w i t h  f i v e  pe rcen t  b u f f e r e d  

formal in  f o r  s t o r a g e .  P r i o r  t o  i d e n t i f i c a t i o n ,  samples con ta in ing  more than  

100 l a r v a e  w e r e  subsampled w i t h  a Folsom plankton  s p l i t t e r ;  no sample w a s  

s p l i t  t o  less than  12.5 p e r c e n t  of t h e  i n i t i a l  count ,  

All f i s h  larvae w e r e  enumerated and i d e n t i f i e d  t o  the  lowes t  pos i 

t ive taxon. Addi t iona l ly ,  t h e  developmental  s t a g e  of  each  larvae w a s  no ted  

and up t o  50 i n d i v i d u a l s  p e r  developmental  s t a g e  p e r  taxon w e r e  measured 

( t o t a l  l e n g t h  and body depth) t o  t h e  n e a r e s t  0 .1  m i l l i m e t e r .  Larval f i s h  

w e r e  i d e n t i f i e d  us ing  t h e  keys and d e s c r i p t i o n s  pub l i shed  by Nelson and 

Cole 1975, Hogue, e t  a l .  1976, Wang and Kernechan 1979, Mansuet t i  and Hardy 

1967, Cooper 1977, and Snyder 1977. F i sh  eggs w e r e  enumerated, and up t o  

50 p e r  sample w e r e  measured t d  the n e a r e s t  0 . 1  m i l l i m e t e r .  

4 . 2 . 3  Data Analysis  

The r e s u l t s  of  en t ra inment  sampling are p resen ted  as t h e  a c t u a l  

number e n t r a i n e d  p e r  taxon. The e s t ima ted  number e n t r a i n e d  i s  based upon 

t h e  assumption t h a t  en t ra inment  rates dur ing  t h e  moni tor ing  per iods  were 

r e p r e s e n t a t i v e  of m n t h l y  and t o t a l  en t r a inmen t  rates (WAPORA 1979).  

E s t i m a t e s  w e r e  c a l c u l a t e d  by t h e  fo l lowing  formulae : 

(cumulat ive en t r a inmen t  d e n s i t y )  = ‘Nr/ZV 
ECUIIl r 

n 
and: Eest (en t ra inment  estimate) = C (Ecum * ‘’est)i=1 

where: 	 i = l...n 

r = r e p l i c a t e  

N = Number  of i n d i v i d u a l s  

v = sample volume (m3) 

IV,S t 
= i n t a k e  volume f o r  t i m e  i n t e r v a l  of the e s t i m a t e  (m3) 
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To c a l c u l a t e  Ees t  i t  should  be  noted t h a t  E 
CUm 

is  developed f o r  

a s i n g l e  monitor ing per iod  only  and I Ve s t  i s  t h e  sum of  t h e  d a i l y  i n t a k e  

volumes from t h a t  monitor ing p e r i o d  t o  a d a t e  halfway t o  t h e  preceeding  moni

t o r i n g  pe r iod  and halfway t o  t h e  succeeding  moni tor ing  per iod .  Discharge 

v o l w e s  (MGD) f o r  t he  J .R .  Whit ing P l a n t  w e r e  provided by Consumers Power 

Company pers onne1. 

De te r r en t  N e t  Study 

I n  conjunct ion w i t h  ongoing impingement monitor ing,  t h e  e f f e c t i v e 

n e s s  of a b a r r i e r  n e t  as a d e t e r r e n t  t o  impingement of  f i s h  w a s  a s ses sed  

du r ing  two test  per iods :  September 10 through October 1 2  and October 19 

through October 29, 1979. During t h e  September 10 through October 1 2  tes t  

pe r iod ,  a d e t e r r e n t  n e t  w a s  p l aced  around p i l i n g s  immediately i n  f r o n t  of  

t h e  t r a s h  rack .  During t h e  October 19 through October 29 per iod ,  a n e t  w a s  

deployed a c r o s s  t h e  i n l e t  channel  as descr ibed  below. Impingement sampling 

frequency w a s  increased  t o  twice weekly from September through December 1979 

t o  f a c i l i t a t e  comparisons of impingement w i t h  t h e  n e t  i n  p l ace  and  removed. 

The d u r a t i o n  of t he  t e s t  pe r iods  (when the  n e t  w a s  i n  p l ace )  w a s  

l ong  enough t o  a l low f o r  the i n i ’ t i a l  impingement of f i s h  t h a t  had reached 

t h e  i n t a k e  forebay  p r i o r  t o  n e t  deployment. Both n e t  t es t  periods.  w e r e  fore

shor t ened  due t o  n e t  damage caused p r i m a r i l y  by sediment build-up. 

A 100 x 22 f o o t  m u l t i f i l a m n t  nylon n e t  having  th ree -e igh t s  i n c h  

mesh w e r e  used as a b a r r i e r .  The n e t  w a s  deployed from a 14 f o o t  jon-boat 

across.  t h e  i n l e t  channel approximately 25 feet  sou th  of t he  causeway. When 

i n s t a l l e d ,  t h e  n e t  extended from the  w e s t  s h o r e l i n e  t o  t h e  concre te  s luic

way abut tment  on the  east s i d e ,  a d i s t a n c e  of approximately 100 f e e t ,  and 

w a s  secured  t o  s teel  p i l i n g s  i n  f r o n t  of t h e  i n t a k e  t r a s h  rack .  A d i v e r  

checked t h e  o r i e n t a t i o n  of  t h e  net a long  the bot tom o f  t h e  channel  and pres

sed  t h e  l e a d  l i n e  i n t o  t h e  bot tom sediment  t o  create a seal .  P e r i o d i c  i n 

s p e c t i o n  d ives  w e r e  a l s o  conducted wh i l e  t h e  net was i n  place. 

The n e t  w a s  removed on October 12,  1979 a f t e r  sediment c o l l e c t i n g  

on the  n e t  drew the  f l o a t  l ine  below the  w a t e r  s u r f a c e  and t h e  lead  l i n e  away 
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from t h e  bottom. Upon removal, numerous h o l e s  w e r e  a l s o  found i n  t h e  n e t ;  

subsequent ly ,  a 30 f o o t  by 20 f o o t ,  one-half  i nch  mesh panel  w a s  added t o  

t h e  n e t ,  and t h e  h o l e s  w e r e  patched.  The n e t  w a s  reset on October 19 and 

removed on October 29, a f t e r  similar damage w a s  incur red .  
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5.0 RESULTS 


5 . 1  Impingement 

5 .1 .1  Resu l t s  f o r  1979 

For ty- three  s p e c i e s  of f i s h  and two hybr ids ,  r e p r e s e n t i n g  15 

f a m i l i e s ,  w e r e  i d e n t i f i e d  from t h e  76 impingement samplings from t h e  J .  R. 

Whiting P l a n t  between Apr i l  and t h e  end of  December 1979 (Table  5-1, 

Appendix Table A-3). No s p e c i e s  having  an endangered o r  t h rea t ened  s ta tus  

(Michigan Department o f  N a t u r a l  Resources 1978) w a s  i d e n t i f i e d  from samples 

taken. 

From A p r i l  through December 1979, a t o t a l  of 408,581 f i s h  w e r e  
3c o l l e c t e d  which r e s u l t e d  i n  a cumulative d e n s i t y  of 9.623/1000 m (Table  5-2). 

On a numerical  b a s i s ,  f i v e  species--gizzard shad (70.60% of t h e  t o t a l )  , 
emerald s h i n e r  (20.20%),  ye l low perch (2.67%),  s p o t t a i l  s h i n e r  (2,70%) , 
and f reshwater  drum (1.42%)--accounted f o r  97.59 p e r c e n t  of t h e  i n d i v i d u a l s  

impinged; a l l  o t h e r  s p e c i e s  had relative abundance va lues  of  less than  one 

pe rcen t  o f  t h e  t o t a l  number. On a biomass b a s i s ,  96.59% of t h e  5840 kg 

weight of f i s h  impinged w a s  accounted f o r  by t h e  fo l lowing  seven s p e c i e s :  

g i zza rd  shad (54.70% of the  t o t a l )  , yel low perch (18.03%), emerald s h i n e r  

(11.14%), g o l d f i s h  (5.65%) , f reshwater  drum (2.64%),  s p o t t a i l  s h i n e r  (2.44%) , 
and w h i t e  bas s  (1.99%). A l l  o t h e r  s p e c i e s  had relative abundance va lues  of 

less than  one p e r c e n t  of t h e  t o t a l  biomass impinged (Table  5-2). 

Monthly impingement rates r e f l e c t e d  the  s e a s o n a l  abundance-of 
3va r ious  s p e c i e s  and ranged from a low of 0.238/1000 m i n  J u l y  t o  a h igh  of 

3100.672/1000 m kn Novmeber 1979 (Tables  5-3 through 5-11, F igure  5-1). 

Seasonal ly ,  impingement rates w e r e  lowest d u r i n g  t h e  summer (June through 

September) and h i g h e s t  du r ing  the late f a l l  and e a r l y  w i n t e r  (October 

through December) (F igure  5-1) . 

Monthly impingement d e n s i t i e s  w e r e  dependent upon t h e  s e a s o n a l  

abundance of the dominant s p e c i e s .  Impingement d e n s i t i e s  f o r  g i zza rd  shad 
3 3 w e r e  lowes t  from May (0.571/1000 m ) through September 1979 (0.302/1000 m ), 
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I 
3i n c r e a s e d  d r a m a t i c a l l y  d u r i n g  October (18.884/1000 rn ) ,  peaked i n  November 

3(99.431/1000 m ) ,  and decreased  t h e r e a f t e r  (December's impingement = 2 4 . 4 5 2 1  
31000 m ) (F igu re  5 - 2 ) .  The extremely h i g h  impingement d e n s i t i e s  f o r  g i z z a r d  

shad w e r e  t h e  r e s u l t  of an onshore movement by young-of-the-year i n d i v i d u a l s  

(mean length :  86 mn i n  November 1979). 

Impingement d e n s i t i e s  f o r  emerald s h i n e r  and s p o t t a i l  s h i n e r  w e r e  

h i g h e s t  i n  A p r i l  and May and decreased t h e r e a f t e r  (F igures  5-3 and 5-4).  

For t h e  emerald s h i n e r ,  t h e  impingement d e n s i t i e s  f o r  A p r i l  and May w e r e  
312.612/1000 m3 and 1.012/1000 m , r e s p e c t i v e l y ;  subsequent ly ,  impingement 

3d e n s i t i e s  w e r e  less than  0.500/1000 m . Impingement d e n s i t i e s  f o r  t h e  
3 3s p o t t a i l  s h i n e r  f o r  A p r i l  and May w e r e  1.188/1000 m and 0.439/1000 m , 

r e s p e c t i v e l y ;  impingement d e n s i t i e s  f o r  t h e  remainder of t h e  y e a r  w e r e  
3less than  O . O l O / l O O O  m . 

Goldf i sh  impingement w a s  h i g h e s t  dur ing  t h e  s p r i n g  and lowes t  

d u r i n g  t h e  summer and e a r l y  f a l l  (F igu re  5 - 5 ) ;  a s l i g h t  i n c r e a s e  i n  the  

impingement of  g o l d f i s h  w a s  n o t i c e a b l e  du r ing  November. During t h e  monitor

i n g  pe r iod ,  impingement d e n s i t i e s  ranged from a September low of less than  
3 3O . O O l / l O O O  m t o  a h i g h  of  0.452/1000 m i n  Apr i l .  

3
White b a s s  impingement w a s  less, than O.OOl/lOOO m through t h e  

s p r i n g  and summer; impingement d e n s i t y  inc reased  du r ing  t h e  f a l l  and a t t a i n e d  
3

t h e  moni tor ing  p e r i o d  peak i n  November (@.321/1000 m ) . Densi ty  decreased  

t h e r e a f t e r  (F igu re  5 - 6 ) .  

Freshwater  drum impingement d i sp l ayed  a bimodal p a t t e r n  w i t h  d e n s i t y  

peaks o c c u r r i n g  i n  August and October (F igu re  5 - 7 ) .  During the moni tor ing  
3p e r i o d ,  impingernent d e n s i t i e s  ranged from a l o w  of 0.019/1000 m i n  December 

3t o  an October h i g h  o f  0.408/1000 m . 

I Maximum impingement of ye l low pe rch ,  a n  impor tan t  s p o r t  f i s h ,  
3occurred  i n  April (1.123/1000 m ) ( F i g u r e  5-8)  ; impingement of t h i s  s p e c i e s

1 decreased  through t h e  s p r i n g  and remained comparat ively low through t h e  

summer, f a l l ,  and e a r l y  w i n t e r .  D e n s i t i e s  f o r  ye l low perch ranged from 
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3 30.033/1000 m t o  0.120/1000 m du r ing  summer, f a l l ,  and e a r l y  w i n t e r .  

From A p r i l  through December 1979, a t o t a l  o f  17,378,518 f i s h  

(110,358 kg) w a s  e s t ima ted  t o  have been impinged (Tables  5-12 and 5-13). 

Estimated impingement w a s  h i g h e s t  f o r  g izzard  shad (16,696 ,418; 102,116 kg) 

followed i n  dec reas ing  numer ica l  o r d e r  by emerald s h i n e r  (463,256; 2 ,153 kg) , 
s p o t t a i l  s h i n e r  (60,750; 447 k g ) ,  yel low perch (52,606; 3.020 k g ) ,  wh i t e  

bas s  (34,677; 5 0 1  k g ) ,  f reshwater  drum (30,865; 442 k g ) ,  and  g o l d f i s h  

(20,585; 1 ,061  kg) .  

Est imated impingement w a s  h i g h e s t  i n  November (14 ,857,042 ; 89,595 

kg) and accounted f o r  85.5% of t h e  es t imated  numerical  impingement and 81.2% 

of the  es t imated  impingement biomass. During November, g i z z a r d  shad w a s  

t h e  dominant s p e c i e s  impinged and accounted f o r  99.3% of  t h e  e s t ima ted  

impingement (numbers and biomass) . 

5.1.2 A Comparison Of Impingement Between 1978 and 1979 

During t h e  two y e a r s  of sampling a t  t h e  J. R: Whi t ing  P l a n t ,  47 

s p e c i e s  of f i s h ,  p l u s  t h r e e  hybr ids  , r e p r e s e n t i n g  16 f a m i l i e s  w e r e  c o l l e c t e d .  

The 1978 s tudy  y i e l d e d  47 s p e c i e s  p l u s  t h r e e  h y b r i d s ,  as a r e s u l t  of a 

corhined impingement and g i l l  n e t t i n g  sampling e f f o r t  (WAPORA 1979) ; dur ing  

’ 1979, 43 s p e c i e s ,  p l u s  two hybr ids ,  w e r e  i d e n t i f i e d  from impingement samples 

c o l l e c t e d  from t h e  P l a n t .  No s p e c i e s  having an endangered o r  t h rea t ened  

spec ie s  s t a t u s  (MDNR 1978) w a s  c o l l e c t e d  e i t h e r  year .  

Monthly impingement rates dur ing  both  y e a r s  of  s t u d y  r e f l e c t e d  t h e  

seasonal  abundance o f  v a r i o u s  s p e c i e s ,  as shown i n  F igu res  5-1 through 5-8. 

Seasonal ly ,  impingement rates w e r e  h i g h e s t  du r ing  l a te  f a l l  and e a r l y  win te r  

and lowest d u r i n g  t h e  summer (F igure  5-1). Monthly impingement rates ranged 
3 3from a h igh  of 120.068/1000 m and 100.672/1000 m d u r i n g  1978 and 1979, 

r e s p e c t i v e l y ,  t o  a low of 0.533/1000 m 3 and 0.238/1000 m 3 d u r i n g  1978 and 

1979 , r e s p e c t i v e l y .  During 1978, g i zza rd  shad,  emerald s h i n e r ,  yel low 

perch, g o l d f i s h ,  and w h i t e  b a s s  comprised 93.52% of t h e  t o t a l  number of 

i nd iv idua l s  impinged, whereas ,  90.69% of t h e  t o t a l  biomass impinged w a s  

g izzard  shad, ye l low perch ,  g o l d f i s h ,  emerald s h i n e r ,  and s p o t t a i l  sh ine r .  
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During 1979, 97.59% of t h e  t o t a l  number impinged were g i z z a r d  shad ,  emerald 

s h i n e r ,  yellow perch,  spo t t a i l  s h i n e r ,  o r  f r e shwa te r  drum; g i z z a r d  shad ,  

yel low perch, emerald s h i n e r ,  g o l d f i s h ,  and f r e shwa te r  drum comprised 92.16% 

of  t h e  biomass. 

Est imated impingement f o r  t he  March 1978 through February 1979 

pe r iod  w a s  7,720,829 f i s h  (75,317 kg) and f o r  the  A p r i l  through December 

1979 pe r iod  w a s  17,378,518 f i s h  (110,358 kg ) .  Est imated impingement w a s  

h i g h e s t  each y e a r  f o r  g i zza rd  shad,  followed i n  dec reas ing  n m r i c a l  o r d e r  

by emerald s h i n e r ,  s p o t t a i l  s h i n e r ,  and ye l low perch; o t h e r  s p e c i e s  having  

comparatively h igh  e s t ima ted  impingement rates dur ing  both  pe r iods  

w e r e  go ld f i sh ,  wh i t e  b a s s ,  and f r e shwa te r  drum. 

During t h e  March 1978  through February 1979 moni tor ing  p e r i o d ,  

es t imated  impingement w a s  h i g h e s t  i n  November (4,718,129; 36,823 kg) and 

December (1,177,148; *13,279 kg) account ing  f o r  75% of  t h e  e s t ima ted  num

er ica l  impingement and 65% of t h e  e s t ima ted  impingement biomass. During 

t h e s e  months gizzaFd shad w a s  the dominant s p e c i e s  impinged, accoun t ing  

f o r  over  95% of t h e  e s t ima ted  impingement (numbers and biomass).  

From A p r i l  through December 1979 , es t ima ted  impingement w a s  high

es t  i n  November (14,857,042; 89,595 kg) and accounted f o r  85.5% of  t h e  

es t imated  numerical  impingement and 81.2% of t h e  e s t ima ted  impingement 

biomass. During November , g izza rd  shad w a s  t h e  dominant s p e c i e s  impinged 

and accounted f o r  99.3% o f  t h e  e s t ima ted  impingement (numbers and biomass) .  

5.2 En trainmen-t 

5 .2 .1  Resu l t s  f o r  1979 

Eighteen  taxa r e p r e s e n t i n g  n i n e  families of f i s h e s  w e r e  c o l l e c t e d  

i n  d r i f t  n e t s  du r ing  day and n i g h t  sampling a t  t h e  J .R.  Whit ing P l a n t  from 

A p r i l  through October 1979 (Table  5-14, Appendix Table B - l  through B-3). 

The g r e a t e s t  number of taxa w e r e  i d e n t i f i e d  f r o m  t h e  fami ly  Cyprinidae ( ca rp  

o r  g o l d f i s h ,  emerald s h i n e r ,  s p o t t a i l  s h i n e r ,  minnow s p e c i e s  , b lun tnose  

minnow, and minnow fami ly ) ;  t h r e e  taxa w e r e  i d e n t i f i e d  i n  t h e  fami ly  Pe rc idae  

(yellow perch, logperch ,  and perch Bamily); two taxa w e r e  i d e n t i f i e d  i n  the 
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f a m i l i e s  Clupeidae ( g i z z a r d  shad and h e r r i n g  family) and Cen t ra rch idae  (sun

f i s h e s  and c rapp ie s ) ;  and, one taxon w a s  i d e n t i f i e d  from each o f  t h e  fo l lowing  

families: Catostomidae ( ca rpsucke r s  or b u f f a l o e s )  , I c t a l u r i d a e  ( channe l  

c a t f i s h )  , Perc ich thyidae  (whi te  bas s )  , Sciaenidae  ( f reshwater  drum) , and 

Osmeridae (rainbow s m e l t ) .  No s p e c i e s  l i s t e d  as threa tened  o r  endangered 

(MDNR 1978) w a s  c o l l e c t e d .  

Entrainment d e n s i t y  v a r i e d  s e a s o n a l l y  and approximated t h e  spawn

ing /ha tch ing  t i m e s  of t h e  v a r i o u s  taxa.  F i s h  eggs w e r e  c o l l e c r e d  from A p r i l  

through August and d i sp layed  an annual  cyc le  of  an i n c r e a s e  from A p r i l  through 

J u l y  and a decrease t h e r e a f t e r .  Egg d e n s i t y  ranged from a low of O / l O O O  m3 

i n  September and October t o  a s e a s o n a l  monthly h igh  of 9,524/1000 m3 i n  J u l y  

(Table 5-15, Figure 5-9, and Appendix Table  B - 3 ) .  Fish  larvae w e r e  c o l l e c t e d  

from May i n t o  October and d i sp layed  an  annual  cyc le  of  an i n c r e a s e  from none 

i n  A p r i l  t o  a seasona l  monthly h i g h  of 22,844/1000 m3 i n  June; d e n s i t y  de

creased  t h e r e a f t e r  (Table  5-15, F igure  5-10, and Appendix Table B-3). The 

number of  larval t a x a  c o l l e c t e d  fol lowed a similar t rend ,  i n c r e a s i n g  from a 

l o w  of zero  i n  A p r i l  t o  a maximum of  15 i n  June, then  dec reas ing  t o  one 

taxon i n  October. 

Gizzard shad ,  t he  dominant i ch thyop lank te r ,  w a s  p r e s e n t  i n  d r i f t  

n e t  samples c o l l e c t e d  from May i n t o  October 1979’. Seasonal ly ,  g i z z a r d  shad 

d e n s i t y  increased  from O / l O O O  m3 i n  A p r i l  t o  t h e  June peak of 20,865/1000 m3 

and decreased t h e r e a f t e r  (F igu re  5-11). 

Carp-goldf i s h  and a l l  o t h e r  Cyprinidae (exc luding  carp-goldf i s h )  

had s i m i l a r  s easona l  p a t t e r n s  i n  d e n s i t y  (F igures  5-12 and 5-13). Ne i the r  

carp-goldf i sh  o r  o t h e r  Cyprinidae w e r e  c o l l e c t e d  i n  A p r i l ,  both w e r e  f i r s t  

c o l l e c t e d  i n  May, carp-goldf i sh  reached t h e  seasonal  m a x i m a  i n  June  

(314/1000 m3), o t h e r  Cyprinidae a t t a i n e d  t h e i r  s easona l  m a x i m a  i n  J u l y  

(157/1000 m3), and bo th  decreased  a f t e r  having  a t t a i n e d  t h e i r  r e s p e c t i v e  

m a x i m a .  Taxa inc luded  w i t h i n  the  grouping o t h e r  Cyprinidae were t h e  emerald 

s h i n e r ,  s p o t t a i l  s h i n e r ,  b lun tnose  minnow, minnow family,  and minnow s p e c i e s  

(PimephaZes spp.)  . 
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The s e a s o n a l  occur rence  of  yel low perch, whi te  b a s s ,  and f reshwater  

drum is  presented  i n  Figures  5-14 through 5-16. Y e l l o w  perch w a s  c o l l e c t e d  

only  d u r i n g  May and June; its maximum monthly d e n s i t y  w a s  80,618/1000 m3 

and occurred  i n  May. White b a s s  w a s  p r e s e n t  from May through August and 

had a monthly maximum d e n s i t y  of  145,842/1000 m3 i n  June. Freshwater  drum 

w e r e  p r e s e n t  from June through September; i ts peak d e n s i t y  occurred  i n  June 

1,381,081/1000 m3. 

I 
I 
I 
I Diurna l  p e r i o d i c i t y  w a s  apparent  f o r  bo th  t h e  en t r a inmen t  of f i s h  

eggs and l a r v a e .  Night  egg  e n t r a i n m n t  d e n s i t y  exceeded day egg en t ra inment  

d e n s i t y  on the  ma jo r i ty  of d a t e s  t h a t  eggs w e r e  c o l l e c t e d .  This was a l s o  

t r u e  f o r  larvae. Genera l ly ,  more t a x a  w e r e  c o l l e c t e d  a t  n i g h t  t h a n  dur ing  

t h e  day, 11 d a t e s  and 8 d a t e s ,  r e s p e c t i v e l y  (Appendix Table  B - 1  and B-2). 

I 
I 
I 

Based upon d r i f t  n e t  sampling from A p r i l  through October 1979, 

629,369,381 larvae and 553,620,137 eggs w e r e  es t imated  t o  have been e n t r a i n e d  

i n  t h e  J . R .  Whiting P l a n t ' s  coo l ing  water (Table 5-15). Es t imated  larval  and 

egg  en t ra inment  w a s  h i g h e s t  i n  June (473,807,630 and 65,747,278, r e s p e c t i v e l y ) ,  

Ju ly  (84,699,885 and 452,774,160, r e s p e c t i v e l y )  , and May (65,909,078 and 

33,882,243, r e s p e c t i v e l y ) .  The taxa having  t h e  h i g h e s t  en t ra inment  d e n s i t i e s  

w e r e  g i zza rd  shad (569,477,861),  f r e shwa te r  drum (32,762,696),  carp-goldf i sh  

(7,372 ,177) , emerald s h i n e r  (7,035 ,399) , w h i t e  b a s s  (5,679 ,922) , yel low perch 

(2,717,410) , c y p r i n i d s  (1,527,606) , and s u n f i s h  (1,040,904).  

I 
I 
I 

5.2.2 A Comparison of Entrainment  Between 1978 and 1979 

I During t h e  two y e a r s  of  en t ra inment  sampling a t  t h e  J .R.  Whiting 

P l a n t ,  23 t axa  of f i s h  r e p r e s e n t i n g  e i g h t  f a m i l i e s  w e r e  c o l l e c t e d  i n  e n t r a i n -

r e n t  samplings.  The 1978 s t u d y  y i e lded  17 taxa whereas 18 taxa w e r e  i d e n t i 

f i e d  dur ing  1979; eggs  and u n i d e n t i f i a b l e  larvae w e r e  c o l l e c t e d  each y e a r  

as w e l l .  No taxon hav ing  an endangered o r  t h rea t ened  s p e c i e s  s t a t u s  (MDNR) 
I 
I w a s  i d e n t i f i e d  from en t r a inmen t  samplings e i t h e r  y e a r .  

During bo th  y e a r s ,  en t ra inment  d e n s i t y  v a r i e d  s e a s o n a l l y  and i n 

creased  o r  decreased  i n  response  t o  t h e  spawning/hatching times of v a r i o u s  

taxa. The s e a s o n a l  occur rence  of  f i s h  eggs  and larvae f o r  bo th  y e a r s  i s8 
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presented  i n  F igures  5-9 and 5-10. Eggs w e r e  f i r s t  c o l l e c t e d  i n  May d u r i n g  

1978 and i n  A p r i l  du r ing  1979 and were c o l l e c t e d  monthly t h e r e a f t e r  through 

August du r ing  bo th  y e a r s ,  however, no eggs w e r e  c o l l e c t e d  d u r i n g  September 

o r  October e i t h e r  yea r .  F ish  larvae t r e n d s  w e r e  similar bo th  y e a r s ;  larvae 

f i r s t  occur red  i n  ichthyoplankton samplings i n  May and w e r e  p r e s e n t  through

o u t  t h e  sp r ing ,  summer, and e a r l y  f a l l  (October) (F igure  5-10), The h i g h e s t  

monthly l a rva l  and egg  d e n s i t i e s  occurred du r ing  June and Ju ly ,  r e s p e c t i v e l y ,  

du r ing  b o t h  yea r s .  

The t a x a  t h a t  numerical ly  dominated ich thyoplankton  samplings a t  

t h e  J.R. Whit ing P l a n t  dur ing  1978 and 1979 were g i zza rd  shad ,  carp-goldf i sh ,  

o t h e r  Cyprinidae,  yel low perch,  wh i t e  b a s s  and f reshwater  drum. The temporal 

d i s t r i b u t i o n  and monthly d e n s i t y  estimates f o r  t hese  taxa f o r  each  y e a r  are 

presented  i n  F igures  5-11 through 5-16. The annnal d e n s i t y  m a x i m a  f o r  each 

taxon occurred d u r i n g  t h e  same m n t h  i n  1978 and 1979. 

A d i k n a l  p e r i o d i c t y  i n  the  der is i ty  of eggs and larvae e n t r a i n e d  

w a s  apparent  bo th  yea r s .  General ly ,  n i g h t  sampling had (1) h i g h e r  egg 

d e n s i t i e s ,  (2) h i g h e r  l a rva l  d e n s i t i e s ,  and (3) more taxa. 

A comparison of t h e  e s t ima ted  en t ra inment  a t  t h e  J . R .  Whit ing P l a n t  

f o r  1978 and 1979 y i e l d e d  t h e  fo l lowing  c o n t r a s t s :  

1978 1979 
Period of Sampling March through 0ctober - Ap ri1 through 0ctober 

Tota l  eggs 58,959,019 


Tota l  larvae 352,879,441 


Dominant taxa 


Gizzard shad 325,006,681 


Carp-goldf i s h  7,179,332 


Freshwater drum 5,346,960 


White b a s s  3,441,175 


Yellow perch  1,729,360 


Emerald s h i n e r  1,880,459 
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553,620 ,137 

629,369,381 

569 ,447,86 1 

7 ,372,177 

32,762,696 

5,679,922 

2,717,410 

7,035 ,399 
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Overall e s t ima ted  egg  and larvae ent ra inment  du r ing  1979 exceeded t h e  estimate 

f o r  1978. 

5.3 D e t e r r e n t  N e t  

I n  conjunct ion  w i t h  ongoing impingement moni tor ing ,  t h e  e f f e c t i v e 

ness  of  a b a r r i e r  n e t  as a d e t e r r e n t  t o  impingment w a s  a s s e s s e d  d u r i n g  two 

t e s t  per iods :  September 10 through October 12 and October 19 through 

October 29, 1979. Impingement sampling frequency w a s  i n c r e a s e d  t o  twice 

weekly from September through December 1979 t o  f a c i l i t a t e  comparisons of 

impingement wi th  t h e  n e t  i n  p l a c e  and removed. 

A summary of impingement (number/1000 m3) p r i o r  t o  i n s t a l l a t i o n  

of t h e  d e t e r r e n t  n e t ,  w i t h  t h e  n e t  i n  p l a c e ,  and a f t e r  removal of t h e  n e t  f o r  

t h e  two test  pe r iods  i s  p resen ted  i n  Table 5-17. Da i ly  impingement p r i o r  t o  

i n s t a l l a t i o n  of t h e  n e t  on September 10 w a s  low; d a i l y  impingement cont inued 

t o  be  low dur ing  September and du r ing  t h e  f i r s t  two impingement samplings 

i n  October. However, impingement inc reased  du r ing  t h e  l a s t  two sampling 

da te s  (October 9 and 11) of t h e  f irst  tes t  per iod .  The i n c r e a s e  i n  impinge

ment w a s  probably due t o  an  accumulat ion of d e b r i s  and mud on t h e  n e t ;  t h i s  

added weight  and r e s i s t a n c e  submerged t h e  n e t ' s  f l o a t  l i n e ,  r a i s e d  the anchor 

l i n e ,  and u l t i m a t e l y  reduced t h e  e f f e c t i v e n e s s  of  t h e  b a r r i e r  (Table  5-18). 

P r i o r  t o  t h a t  t i m e  the n e t  w a s  appa ren t ly  e f f e c t i v e .  When t h e  n e t  w a s  

removed on October 12 ,  impingernent i nc reased  on t h e  succeed ing  d a t e s ,  

October 16 and 18. 

During the second test  pe r iod ,  t h e  d e t e r r e n t  n e t  w a s  margina l ly  e f 

f e c t i v e ,  i f  a t  a l l .  The appa ren t  i n e f f e c t i v e n e s s  of t h e  net  cen te red  upon 

d i f f i c u l t i e s  i n  keeping  t h e  f l o a t  l i n e s  a t  t h e  s u r f a c e  and t h e  bot tom sea led .  

Impingement i n c r e a s e d  i n  s p i t e  of t h e  presence of  t h e  net  (Table  5-17 and 

Figure 5-1). 

Overall, t h e  f i r s t  test appeared t o  s u c c e s s f u l l y  reduce  impingement, 

whereas, d u r i n g  t h e  second tes t ,  the  n e t  w a s  v i r t u a l l y  i n e f f e c t i v e .  Th i s  

r e l a t i o n s h i p  can  b e  seen  i n  F igu re  5-1, a summary of  t h e  t o t a l  cumulat ive 

impingement f o r  t h e  p e r i o d  o f  s tudy .  
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TABLE 5-1. 	 A LIST OF FISH COLLECTED FROM THE TRAVELLING SCREENS 
AT THE J . R .  WHITING PLANT FROM APRIL THROUGH DECEMBER 
19 79. 

S c i e n t i f i c  N a m e  

PETROMYZONTIDAE 

Ichthy omy zon unicuspis 

LEPISOSTEIDAE 

Lepisosteus osseus 

CLUPEIDAE 

AZosa pseudohareng-us 
Dorosoma cepedianwn 

SALMONIDAE 

Gncorhynchus kisutch 
Gncorhynchus tshawytscha 

OSTERIDAE 

Osmerus mor& 

UMBRIDAE 

Umbra Z i m i  

ESOCIDAE 

Esox Zucius 

CYPRINIDAE 

Cmassius auratus 

Cypr inus  earpio 

Hybopsis storemkna 

Notemigonus chryso Zeucas 

Notropis atherinoides 

Notropis cornutus 

flotropis hudsonius 

PimephaZes prome Z a s  

SemotiZus atromacuZatus 


Common N a m e  

Lampreys 

Si lver  lamprey 

Gars 

Longnose g a r  

Her r ings  

Alewife  
Gizzard  shad  

Trou t s  

Coho salmon 
Chinook salmon 

S m e l t s  ' 

Ra inb  ow s m e  1t 

Mudminn ows 

C e n t r a l  mundminnow 

P ikes  

Nor thern  p i k e  

Minnows and Carps 

Go ld f i sh  

Carp 

S i l v e r  chub 

Golden s h i n e r  

Emerald s h i n e r  

Common s h i n e r  

S p o t t a i l  s h i n e r  

Fathead  minnow 

Creek chub 
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Table 5-1 (cont inued)  

S c i e n t i f i c  Name Common Name 

CATOSTOMI DAE Suckers  

Carpiod es cyprinus Qui1l back 
Catostomus comersoni White sucke r  
MoxDstOma macrolepidotum Shorthead redhorse  

ICTALURIDAE Freshwater  c a t f i s h e s  

IctaZurus meZas Black b u l l h e a d  

IctaZurus nata Zis Y e 1  l o w  bu l lhead  

I c t a  Zurus nebu Zosus Brown bu l lhead  

I c t a  Zurus punctatus Channel c a t f i s h  

Noturus f lavus Stonecat 

No turns gyrinus Tadpole madtom 


PERCOPSIDAE Trout-pe rches 

Percopis omiscomayeus Trout-perch 

PERCI CHTHYIDAE Temperate b asses. 

Morone mnericana White perch  
Morone chrysops White b a s s  

CENTRARCHIDAE Sunf ishes  

ArnbZopZites rupestr is  Rock b a s s  
Lempomis cyanellus Green s u n f i s h  

Lepomis gibbosus Pumpkinseed 

Leponris humiZis Orangespot ted s u n f i s h  

Lepomis maerochims B1uegill 
Micropterms do ZorrrLeui S ma1lmout h  b ass 
Micropterms saZmoides Largemouth b a s s  
pomoxis annuZaris White c rapp ie  
pomoxis nigromaculatus Black criappie 

PERCIDAE Perches  

Perca fZav escens Yellow perch 
Pereina caprodes Logper ch  
Stizostedion vitreum vitreum Walleye 

S CIAENIDAE Drums 

Ap Zodinotus grunnie m Freshwater  drum 
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I Table 5-1 (cont inued)  

I S c i e n t i f i c  Name Common N a m e  

Hybrids  : 

Carp x Goldfish 

Green s u n f i s h  x B l u e g i l l  
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TABLE 5-14. 	 LIST OF TAXA COLLECTED BY DRIFT NETS FROM THE 
DISCHARGE WATERS OF THE J. R. WHITING PLANT FROM 
APRIL THROUGH OCTOBER 1979. 

Gizzard shad 

Rainbow smelt 

Herr ings  f .  

Minnow f .  

Carp o r  Goldfish 

Emerald s h i n e r  

S p o t t a i l  s h i n e r  

Minnow sp .  

Bluntnose minnow 

Uniden t if iabl e  


Carpsuckers o r  Buff aloes 

Channel c a t f i s h  

Sunf i sh  s p .  

Crappie  s p .  

White b a s s  

Perches  f .  

Yellow perch 

Lo gperch 

Freshwater  drum 
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TABLE 5-17. 	 SUMMARY OF F I S H  IMPINGED (NUMBER/1000 m3> AT THE J . R .  
WHITING PLANT DURING THE DETERRENT NET E F F E C T I V E S S  TESTS. 

N e t  Pos i t i on  

N e t  Out 

N e t  I n  

N e t  O u t  

N e t  In  

N e t  O u t  

I m p i n g e m e n t  D e n s i t y  N o .  Spp 
D a t e  # / loo0 In3 I m p i n g e d  

,. 
Aug 15 1.298 15 

23 0.429 15 
30 0.703 13 

Sep 06 0.548 13  
10 0.908 15 

Sep 10 
1 4  0.213 13 
19  0.216 13 
2 1  0.228 11 
25 0.768 14  
27 0.805 10 

O c t  02 0.263 11 
05 0.259 12 
09 14.693 23 
11 9.600 20 

O c t  12 
15 % 27.304 15 
18 18.805 1 4  

O c t  19 
23 36.204 15 
25 73.656 1 2  

O c t  29 
31 149.762 9 

Nov 06 49.036 7 
0 8  185.612 11 
13 156.583 8 
15 133.445 6 
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